MARKS&CLERK 



Fax:02078363339 



17 Mar 2005 15:22 



P. 



* 



® 



® 



EuropSilsches Patentamt 
European Patent Office 
Office europden das brevets 



iiiwuiiniiini 

© Publication number: Q 491 435 A2 



EUROPEAN PATENT APPLICATION 



© Application number. 91203267.9 
© Date of filing; 1&12£1 



0 mt CIA GO 



© Priority: 19.12.90 GS 9027480 

0 Data of publication Of application: 
24.06^2 Bulletin 92/26 

© Designated Contracting States; 
DEFRGB 

© Applicant N-V. Philips' Gloellampanfabrtelcen 
Groan ewoudseweg 1 
NL-SB21 BA ElndhOVen(NL) 

© Inventor Bertram, Albert Ralph dohan 
C/o INT* OCTROOIBUREAU B.V., Prof. 
Holstlaan 6 

NL-5666 AA Bndhoven(NL) 



in 

I 



© Interferometer. 

© An interferometer which may! be used In a 
Fourier transform infra red spectrometer comprises a 
beam splitter (10). first and second fixed mirrors 
(18,26). path length variation means (20), and a 
folding mirror (16). The optical components are 
mounted on a casting (8) such that the beam splitter 
(10) and folding mirror (18) are arranged parallel to 
each other and the fixed mirrors (18.26) are attached 
to a single face of the casting in the same plane. 
The path length variation means (20) comprises two 
parallel opposed mirrors (22.24) which are rotatable 
to vary the length of the optical path between the 
beam splitter (10) and the fixed mirror (26). 
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The Invention relates to an Interferometer com- 
prising a beam splitter for splitting an incident 
radiation beam into two sub-beams following first 
and second separate paths, first and second fixed 
mirrors terminating the first and second paths and 
serving to reflect the sub-beams back to the beam 
splitter, the beams splitter being further arranged to 
re-combine the sub-beams, at least one of the first 
and second paths Including path length variation 
means. 

Such a system is known from EP 171 837 In 
which a beam splitter, two fixed mirrors and a 
rentable mirror set define the basic structure of the 
Interferometer. In this Interferometer a variation in 
optical paA length can be realised relatively simply 
and the construction of the Optical arrangement is 
relatively straightforward. 

A disadvantage of this solution is that the op- 
tical elements listed need 10 be mounted In ac- 
curately defined positions relative to each other 
and .these positions are relatively widely spaced 
and in different orientations. 

It is an object of the present Invention to miti- 
gate this disadvantage. 

The Invention provides an Interferometer ac- 
cording to the opening paragraph characterised in 
that a third fixed mirror Is arranged parallel to the 
beam splitter in the first path to direct radiation 
onto the first mirror, the first mirror being 'arranged 
to Re In the same plane as or in a plane parallel to 
that containing the second mirror. 

It Is noted that such an interferometer may be 
designed for operation in any of the ultraviolet, the 
visible light and the infra-red regions of the elec- 
tromagnetic wavelength spectrum. 

The path length variation means may comprise 
two parallel opposed mirrors mounted on a body 
and means for rotating the body about an axis 
which may pass between the mirrors. 

This construction of path length ■ variation 
means enables the construction of an ; Interfero- 
meter which has three separate sets of optical 
assemblies such that within each set the optical 
elements are arranged parallel to each other. This 
simplifies the optical arrangement of the interfero- 
meter and eases the problems of alignment since 
ensuring that, objects are parallel is usually easier 
than accurately positioning them relative to each 
other in other orientations, 

The Interferometer may comprise a casting 
having mounting points on which the first second, 
and third mirrors, the beam splitter, and the path 
length variation means are located. 

This provides a stable construction and by 
correct selection of the mounting points cart sim- 
plify the construction of the interferometer. 

The first and second fixed mirrors may be 
mounted on a single machined face of the casting. 
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tion of a mounted 
comprising a hole 
tion formed close 
component Is 
Into the hole. 

This enables 
an optica] element 
example of the 
very precise 
achieved. 

Mirror mounting 
prising at least 
at a position 
means adjacent to 
ing to adjustably 
This gives a 
mirror position for 
the screw enabflrjg 
mirror to be 
free end of the 
deflection ratio, 
where It Is urged 
The invention 
form spectrometei 
set forth In the 
The above 
of the invention 
following descrlptjon 
with reference to 
which;- 
Rgure 1 
transform 
according to 
Figure 2 shows 
for use In the 
Figure 3 is an 
folding mirror 
terometer of 
Figure 4 Is an 
mounting 
second fixed 
Figure 1. 
Figure 5 is a 
for use in the ii 
Figure & Is an 
beam splitter 
Figure 7 Is an 
length variation 
meter of Figure 
Figure 8 
means according 



the first and second fixed mirrors 
accurately co-planar with each, other 
r machine a flat surface in a single 
tolerance than to ensure that 
nbd surfaces have the same de- 
ni 

b4 provided for adjusting the posl- 
optical component said means 
having a decreasing cross-sec- 
to the surface against which the 
mointed and a screw for insertion 

1he adjustment of the position of 
by very small amounts, for 
of nanometres, enabling a 
portioning of an element to be 



means may be provided corn- 
finger urged against the mirror 
to Ha fixed end and screw 
the free end of the finger serv- 
the finger, 
relatively small movement of the 
a relatively large movement of 
a precise positioning of the 
aahfeved. That is movement of the 
finger is larger, by the beam 
the movement at the position 
against the mirror, 
further provides a Fourier trans* 
ncludlng an interferometer es 
preceding paragraphs, 

other features and advantages 
iriU become apparent from the 
of exemplary embodiments 
the accompanying drawings, In 
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invention, 

a perspective view of a casting 
rjterferometer of Figure 1, 
exploded perspective view of a 
assembly for use In the Inter- 
Figure 1. 

exploded perspective view of a 
for mounting the first and 
nlrrors in the interferometer of 



arran jement 



perspective view of a beam splitter 
irterferometer of Figure 1 
exploded perspective view of the 

In Figures. 
Exploded perspective view of path 
means for use In the interfero- 
1, and 

illustrates optical element adjusting 
to the Invention. 
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The apparatus shown In Figure 1 comprises a 
radiation soured 2, for example a broad-band in- 
frared radiation source, for producing a beam 4 of 
infrared radiation which is colllmated by a concave 
mirror 6, Instate a casting 8 the boam 4 Is split by a 
beam splitter 10 into a first sub-beam 12 and a 
second sub-beam 14. 

The sub-beam 14 Is folded through 90 degrees 
by a mirror 19 and reflected by a first fixed mirror 
18 to be returned back to the beam splitter 10 via 
the folding mirror 16. The sub-bean 12 is reflected 
through a rotatable parallel mirror system 20 com- 
prising a first mirror 22 and a second mirror 24, 
reflected by a second fixed mirror 20 through the 
parallel mirror system and back to the beam split- 
ter 10. The length of the beam path for subbeam 
12 can be changed by rotating the -parallel mirror 
system 20. Subbeams 12 and 14 are combined at 
the beam splitter 10 to form a combined output 
beam 25. The combined beam Is directed through 
a sample 28 whose absorption spectrum is to be 
measured. The combined beam 25 after passing 
through the sample 28 is focussed by a concave 
mirror 30 onto a detector 32. 

The parallel mirror system is: rotatable by 
means of a motor drive as disclosed in BP 171 837 
or by a motor 35 directly coupled to the mirror 
system resulting in a more accurate movement 
control. A reference beam 50 of for example visible 
radiation from a helium-neon laser 52 is also di- 
rected through the optical paths of the Interfero- 
meter, interference fringes being formed on a sep- 
arate detector 54. The output of this detector is fed 
to a waveform shaping circuit 56 to generate sam- 
pling Instant signals which occur at Intervals of one 
wavelength of the laser source or fractions or mul- 
tiples thereof as the optical path length is changed. 
These sampling signals control the instants at 
which the output of detector 32 Is sampled to 
provide inputs to a computer 58 which calculates a 
spectrum 00 of beam 25 using, for example, a 
program based on the known Cootey Tukey al- 
gorithm. The spectrum Is then displayed on a mon- 
itor 61. In addition the drive motor 35 Is controlled 
in speed by control circuit 02 in response to the 
sampling Instant signals to keep the rate of sam- 
pling constant 

In use the optical path lengths of the two 
subbeams may be Initially equalised with the rotat- 
ing mirrors system 20 at one end of its working 
range of path length variation. The zero order 
fringe is then Incident on the detector. The mirrors 
are then rotated to produce the change In optical 
path length necessary to realise » the desired 
wsvsnumber resolution. A so-called ; single sided 
interferes ram Is then obtained. More desirably, the 
path lengths are equalised with the rotating mirror 
system in the middle of its working range, the 
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being driven through the whole work- 
produce a double sided Irrterferogram 
can be more easily made less sue- 
pjiaee errors, 
is a perspective drawing of a casting 
fixed mirrors 16. 18 and 26, the beam 
a^d the rotating mirror set 20 are moun- 
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mirror 16 Is mounted against two 
101 on either side of an aperture 
tfhich the radiation beam reaches the 
beam splitter 10 Is mounted wfthln 
through an aperture 103 against three 
and 120. The first fixed mirror 18 is 
a rear face of the casting 8 over 
through which It receives the radl- 
14, Similarly the second fixed mir- 
mounted against the rear face of the 
an aperture 107 through which it 
radiation sub-beam 12. The rotating 
is mounted within the casting 8 be- 
formed on the lower side of the 
a plate carrying the motor 36 which 
the casting 8 around an aperture 108. 
I is open at the right hand side to 
beam 4 from the radiation source 2 
onto the beam splitter 10 and has an 
to allow the re-comblned beam 25 to 
t trough the sample onto the detector 
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i an exploded perspective view of the 
16 and Its mount The mirror mount 
tody 130 and spring member 131. 

has three fingers 132, 133, 134 
the mirror 16 Is urged by the spring 
The spring member 131 has three 
136, 137 which contact the mirror 
spring member 131 Is assembled to 
using three screws, two of which 138 
shown. Three adjusting screws 140, 
on the fingers 132, 133, .134 near to 
to provide a fine adjustment of the 
Pads on the fingers 132, 133, 134 
ends bear on the mirror so that a 
movement of the screws 140, 141. 
& relatively small movement of the 
The body 130 is attached to the 
rjieans of three screws 143, 144, 145 
through holes 146, 147, 148 In the 
Into corresponding holes 149, 150, 
8. 

an exploded view of the mounting 
First and second fixed mirrors 18 and 
are each mounted against three 
on the rear surface of the casting 8 
a single spring member 160. The 
160 has a first set of leafsprlngs 
which bear on mirror 18 and a 
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second set of loafspringa 1B4, 165, 168 which beer 
on minor 26. The spring member 160 is attached 
to the rear of the casting 8 by a screw 167 and two 
Integral hooks. 

Figure S is a perspective view of the beam 
splitter 10 which io mounted against the faces 104, 
105 of the casting by means of screws 170, 171 
which pass through holes 172, 173 In the beam 
splitter 10 and against fence 120 by spring tab 194* 
Figure 6 Is an exploded perspective view of the 
beam splitter 10 which comprises a body 175 on 
which a beam splitter plate 176 and a compensator 
pl&te 177 are mounted, The body 175: has an 
aperture 178 in which three locating lugs, one of 
which 179 is shown, are arranged at 120 degree 
intervals. The beam splitter plate 176 is mounted 
on one side of the body 175 by means of a collar 
180 inside which resilient means 181 urge the 
beam splitter plate 176 against the lugs 179. The 
compensator plate 177 is mounted on the other 
side of the body 175 by means of a spring mem* 
ber 182 which contains three leafeprings 1.83* 184, 
185 which bear against the compensator plate 177 
to urge it against the lugs 179. The assembly is 
held together by three pins 186, 187. 188 and 
corresponding self locking rings 189, 190, 191. 

Figure 7 shows an exploded perspective view 
of the rotatable mirror assembly 20. It comprises a 
body 200 on which two mirrors 22. 24 are moun- 
ted. The mirror 24 is mounted against three 
machined pads 201 , 202, 203 by means of* spring 
member 204 which is attached to faces 205 and 
206 of the body 20 by means of four screws 207, 
208, 209, 210. The spring member 204 comprises 
three leaf springs 211. 212, 213 which beer against 
the outer surface of the mirror 24 to urge it against 
the pads 201, 202, 203. The mirror 22 is similarly 
mounted against the other side of the body 200 by 
means of a spring member 214. An adjuster screw 
215 Is inserted In a part threaded hole 216 In the 
body 200. The hole 216 Is located dose to a 
machined pad 217 which corresponds to the pad 
201. As shown in Figure 8a the screw 215 is 
inserted to the depth of the threaded portion of the 
hole 216. In figure 8b the screw 215 has been 
forced into the unthreaded portion of the hole end 
as a result a bulge 218 appears in the surface of 
the pad 217 which enables very small adjustment 
of the mirror position to be made. It is preferable if 
this method of adjustment is used to machine the 
body 200 ftam solid metal wrought material rather 
man forming it from a casting. This Is because a 
casting tends to have a more porous structure and 
It is possible in some Instances for the screw to 
break through the surface rather than to cause the 
bulge to appear. Of course, any other : suitable 
adjustment means could be provided to accurately 
position the minors. 
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Figures 2 to € described a particular embodi- 
ment of the Interferometer shown schematically in 
Figure 1. Clearly the various optical components 
could by mountec on the casting 8 in alternative 
s ways* Also it is nqt essential that the components 
cast base, for example it could 
solid either In one piece or a 
number of pieces jblnod together, 

The path tengti variation means could be other 
than that describe ! and may be included in both 
paths if desired, ljhe path length variation means 
1 and 7 could be modified by 
about an axis which lies outside 
the mirrors. The mirror position adjustment means 
described with re erence to Figure 8 could be 
modified by maWrg It a tapering hole. Ail that is 
required in principl » is that the cross section of the 
hole becomes smaler at some point either continu- 
ously or abruptly so that forcing in the screw 
so causes the bulge to appear. This mirror adjustment 
means could be incorporated in the mounting 
means of any of tie mirrors or the beam splitter 
either as the sole t adjustment means or In addition 
to the adjustment means already provided. 

From reading the present disclosure, other 
modifications will bs apparent to persons skilled in 
the art Such modifications may involve other fea- 
tures which are aire ady known In the design, manu* 
factors and use cf spectrometers and interfero- 
meters for use in s uch spectrometers and compo- 
nent parts thereof imd which may be used instead 
of or in addition to features already described here- 
in. Although claims have been formulated In tWs 
application to particular combinations of features, it 
should be understood that the scope of the disclo- 
sure of the present application also includes any 
/ novel combination of features 
disclosed herein either explicitly or Implicitly or any 
m thereof, whether or not it relates to 
the same Invention as presently claimed in any 
or not It mitigates any or all of 
problems as does the present 
Invention. The applicants hereby give notice that 
new claims may t«e formulated to such features 
and/or combinations of such features during the 
prosecution of the present application or of any 
further application c erived therefrom. 
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An Interferometer 
tor splitting an 
sub-beams 
paths, first and 
ing the first 
reflect the 
ter, the beams 
to re-comblne 



comprising a beam splitter 
incident radiation beam into two 
following first and second separate 
second fixed mirrors terminat- 
second paths and serving to 
back to the beam spirt* 
splitter being further arranged 
the sub-beams, at least one of 
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the first and second paths including path 
length variation means; characterised In that a 
third fixed mirror is arranged parallel to the 
beam splitter in the first path to direct radiation 
onto the first mirror, the first mirror being ar- s 
ranged to fie in the same plane as or in a 
plane parallel to that containing the second 



2. An Interferometer as claimed in Claim 1 in to 
which the path length variation! means com- 
prises two parallel opposed mirrors mounted 

on a body and means for rotating the body. 

3. An Interferometer as claimed in Claim 2 in is 
which the body is rotated about an axis pass- 
ing between the mirrors. 

4. An Interferometer ae claimed in Claim 1, 2 or 3 
comprising a casting having mounting points so 
on which the first second, and; third mirrors, 

the beam splitter, and the path length variation 
means are located. 

& An Interferometer as claimed In Claim 4 In 2S 
which the first and second mirrors are moan- . 
ted on a single machined face of the casting. 

6. An interferometer as claimed In any preceding 
claim comprising means tor adjusting the posi- 30 
tion of a mounted optical component said 
means comprising a hole having: a decreasing 
cross-section formed close to the surface 
against which the component is mounted and a 
screw for insertion Into the hole. as 

7. An Interferometer as claimed in any preceding 
claim comprising mirror mounting means com- 
prising at least one finger urged against the 
mirror at a position adjacent to .its fixed end 40 
and screw means adjacent to the free end of 

the finger serving to adjustably deflect the fin- 
get. 

& A FOurler transform spectrometer including an 45 
Interferometer as claimed in any preceding 
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